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LiDAR image of Weeks State Park area. The lookout tower on top of Mt. Prospect is in center of image.
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The Bedrock Geology of
Weeks State Park
Weeks State Park is a fantastic place to get
a glimpse of the geologic forces and events
that have shaped New England and the White
Mountains. Major faults are revealed here, as
well as a variety of rocks that span 500 million
years. For a relatively small area Weeks State
Park reveals great geology that is accessible for
all to explore! A glossary of italicized terms can
be found at the end of this brochure.
Ammonoosuc Fault
The most dramatic feature of the bedrock
geology at Weeks State Park is certainly the
Ammonoosuc Fault, cutting northeast right
through the center of the park. This was a
normal fault where the southeast side moved
up relative to the northwest side which moved
down. It has remained inactive and unmoving
for the last 80-90 million years since the waning
stages of the breakup of the supercontinent
Pangea and the associated rifting to create the
Atlantic Ocean. One of the paradoxes at Weeks
State Park is that the down-dropped side of the
fault has the highest topography culminating
in Mt. Prospect. Typically you would expect the
up-thrown side to be the topographic high,
but here it is reversed. The bedrock on the
northwest side of the fault, composed of the
Lost Nation gabbro and Albee Formation, was
probably more resistant to weathering than
the rocks of the Ammonoosuc Volcanics and
Oliverian granodiorite on the southeast side.
Glacial ice flowing northwest to southeast over
Mt. Prospect plucked away the softer rocks
on the southeast side of the fault leaving the
present topography.
The Ammonoosuc Fault extends from the
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Massachusetts border all the way up the
Connecticut River valley and ends just a bit
beyond Weeks State Park. In the Park it is a zone
about 100 meters wide of crushed, fractured,
somewhat rusty weathering, crumbly rock.
Quite often veins of pure quartz are found
within and adjacent to the mapped fault. These
were once geothermal fluids flowing along or
near the fault that ultimately re-precipitated as
quartz veins (Figure 1). Adjacent to this narrow
1

Figure 1. Quartz vein intruding Lost Nation
gabbro. Hydrothermal fluids filled cracks that
surround and are within fault zones.
zone the rock is still heavily fractured giving
Weeks State Park its characteristic and unique
broken talus surface that the forest has now
overgrown. All these fractures are conduits
for bedrock groundwater flow and allow the
water to interact with a greater surface area of
the bedrock than is typical in regions without
faults. The bedrock geochemistry of the Lost
Nation gabbro and the Ammonoosuc Volcanics
is strongly calcium-rich due to the presence of
white crystals of plagioclase feldspar in these
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rocks. The calcium can more readily leach out
of these rocks as a result of the Ammonoosuc
Fault, producing soil conditions conducive to a
variety of calcium-loving rare plants in the park,
such as Dutchman’s Breeches.
Lost Nation Gabbro
The Lost Nation pluton comprises the bulk of the
bedrock northwest of the Ammonoosuc Fault
and formed in the Ordovician geologic time
period, about 450 million years ago. The main
unit is an igneous intrusive rock that froze from a
magma deep under ground. Its geologic name
is a gabbro, an equivalent to an extrusive basalt,
and made of the minerals calcic plagioclase
feldspar, pyroxene, olivine and magnetite (Figure
2). The tectonic setting for the Lost Nation

into a dark green colored rock with white specks
of plagioclase. In places the Lost Nation gabbro
chilled against blocks of rock that it enveloped
while intruding into the region. In these places
we see a decrease in grain size near these blocks
making the Lost Nation gabbro even more
dense and hard.
Albee Formation
There are two areas labeled “Cal” on the map: a
small one in the center of the map and a larger
one extending from there all the way to the
map’s northern border (Figure 3). Previous
3

2

Figure 3. Albee Formation showing faint
sedimentary bedding oriented vertically. This
quartz rich rock was a marine sediment in the
Cambrian, 500 million years ago.
Figure 2. Xenolith of pink granite within Lost
Nation gabbro. The granite was picked up
when the gabbro intruded.
pluton was a magma chamber associated with
a volcanic island arc over a subduction zone
where one plate descended beneath another.
The gabbro was metamorphosed during
the Acadian orogeny, or plate collision, in the
Devonian period about 400 million years ago.
The metamorphic heat and pressure turned it
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geologists have mapped these as the Albee
Formation, a 500 million year old rock from the
Cambrian geologic period. These are former
sedimentary rocks of sandstone that were
deposited in an ancient marine setting. The
Albee Formation is very quartz-rich and because
it has been metamorphosed in the Acadian
Orogeny, it is classified as a quartzite. It would
not contribute any unusual geochemistry to the
bedrock groundwater and as such would have
typical hard scrabble New England soils over it.

Radiometric age dating would be needed
to confirm that these regions are indeed the
Albee Formation. There are some characteristic
features of the typical Albee Formation seen
elsewhere that are missing in the blocks at Weeks
State Park. For example, normally the Albee is
complexly folded and highly metamorphosed,
but here it seems to have escaped that. Perhaps
the enveloping Lost Nation gabbro shielded it
from the deformation and metamorphism that
affected the Albee Formation elsewhere.
Pink Granite and Basalt Dikes
There are two other minor rock types northwest
of the Ammonoosuc Fault. The first is a pinkishgreen, coarse grained granite that occurs in two
small oval shaped patches on the map (Figure 4).
It can be seen best on the Weeks State Park ski

basalt dikes with lengths of up to maybe a 100
meters. These are igneous rock that crystallized
near the surface and as such are called extrusive.
The dikes are only found on the northwest side
of the Ammonoosuc Fault and only within the
Lost Nation gabbro. It is possible that they are
contemporaneous with the gabbro but it is also
possible that they are younger, perhaps Jurassic
in age or about 200 million years old. Most
dikes in the Northeast are of that vintage having
formed during the rifting of Pangea. The best
place to see a basalt dike is in a road outcrop
just between the lower and upper parking lots
near the summit of Mt. Prospect. Xenoliths, or
fragments of Albee and Lost Nation gabbro, can
be seen embedded in the basalt (Figure 5).

5
4

Figure 4. Rare, pinkish green granite phase
of the Lost Nation. The coarse pink grains are
potassium feldspar, the green plagioclase
feldspar, and the dark glassy mineral is quartz.
slopes in the island of woods between the two
trails. It is also an intrusive igneous rock, most
likely the same age as the Lost Nation gabbro.
The second rock is seen on the map as a
scattering of red + symbols and two short red
straight lines. These are narrow, 1-2 meter wide

Figure 5. Basalt dike with xenoliths of Albee
Formation and Lost Nation gabbro. As the
basalt magma intruded it picked up pieces of
the older rocks.
Ammonoosuc Volcanics and Oliverian Biotite
Granodiorite
On the southeast side of the Ammonoosuc fault
are two very different rocks with exceptional
structures in them. The smaller patch in
green on the map is the 460 million year old
Ordovician Ammonoosuc Volcanics (Figure 6).
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Figure 6. Ammonoosuc Volcanics with
characteristic variations in color and grain size.
The coarser rock on the right is composed of
white calcium plagioclase feldspar and black
amphibole.
The Ammonoosuc Volcanics were basaltic in
composition and when metamorphosed in the
Acadian orogeny grew amphibole, a needlelike black silicate mineral with calcium, iron and
magnesium. These metamorphosed basalts are
hence called amphibolites. The Ammonoosuc
Volcanics were strongly deformed during the
Acadian Orogeny and as a result a strong planar
fabric called foliation developed. There are a few
places along Prospect Road where the foliation
isn’t as intense and here one can see crystals of
plagioclase feldspar in distinct layers. These are
relict beds of volcanic debris that erupted out of
a volcanic arc and were deposited into a marine
basin underwater.
The other rock southeast of the Ammonoosuc
Fault is a white-gray gneiss that has been
mapped by previous geologists as the
Oliverian biotite granodiorite (Figure 7). This
is a 450 million year old Ordovician rock and
shown in the map as a brown color. It also
has a foliation and was strongly deformed and
metamorphosed in the Acadian orogeny along
with the Ammonoosuc Volcanics. This rock is an
Page 6
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Figure 7. Well foliated Oliverian biotite
granodiorite. This rock, a cousin to a granite,
has been strongly deformed.
intrusive igneous rock and a close cousin to a
granite, with a little less quartz and a bit more
plagioclase feldspar. These rocks are thought to
have been the magma chambers to the island
arc volcanoes, similar to that described for the
Lost Nation gabbro.
Despite the small acreage of Weeks State Park
an impressive diversity of bedrock is found. The
Ammonoosuc Fault, calcium-rich igneous rocks
of the Lost Nation gabbro and Ammonoosuc
Volcanics, unusual blocks of Albee quartzite,
and rare pink granites and basalts reveal a
complex and exciting geologic past!
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The Glacial Geology of
Weeks State Park
The Ice Age
Hundreds of millions of years passed between
formation of the park’s bedrock and the
next geologic event for which we can see
evidence here. Much weathering and erosion
presumably occurred during that long span
of time. Small remnants of deeply weathered
rock, in which the feldspars and other minerals
altered to clay, have been found in a few places
in the White Mountains. However, nearly all
this decayed rock was swept away by Ice Age
glaciers.
The most recent (Pleistocene) Ice Age began
about 2.6 million years ago and ended by
10,000 years ago. A succession of large
continental ice sheets spread across parts
of the northern U.S. during periods of cold
climate and abundant snowfall. Today we
mainly see the products of the most recent
glacier – the Laurentide Ice Sheet. Laurentide
ice expanded from Canada into New England
about 30,000 years ago and totally covered
the region. It scraped away most of the
sedimentary deposits left by earlier glaciers,
and in places buried them under its own
deposits.
There are two broad categories of glacial
sediments that overlie bedrock in the White
Mountains. Till is a more-or-less random
mixture of clay, silt, sand and rock fragments
that was released directly from the ice (Figure
8). This stony material is very widespread
across the region. It is generally thickest at
lower elevations and pinches out where rock
ledges are exposed on the higher parts of hills

Figure 8. Till exposed in an excavation, Berlin,
New Hampshire.
and mountains. Water-laid sediments – mostly
sand and gravel – occur in valley bottoms
where they were left by streams flowing out of
the glacier when it melted, and in some cases
washed into temporary glacial lakes.
Glacial features in the park
First we’ll consider the effects of glacial ice that
can be observed within Weeks State Park, and
then look at the wider geologic setting that you
can see from the tower on top of Mt. Prospect.
The glacial landscape in the park was produced
by the thick Laurentide Ice Sheet as it ground its
way over Mt. Prospect, slowly flowing toward
the southeast. On the cover of the brochure is
a distinctive view of the park area produced
by LiDAR technology (aerial laser imaging of
the land surface). LiDAR has the advantage of
seeing through the trees! In many places the
resulting imagery gives us some idea of what
the land surface looked like just after the glacier
melted away.
Two aspects of the local geology are evident in
the LiDAR image. One is a northeast-trending
linear trough that marks the Ammonoosuc
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Fault shown on the park bedrock map. The
other is the steep topography on the southeast
side of Mt. Prospect, which contrasts with
the more gently sloping northwest side of
the mountain. This difference between north
and south slopes can be seen on many New
Hampshire mountains that were sculpted by
the ice sheet. It resulted from a combination of
intense glacial scouring and plastering of till on
north facing slopes, in contrast to plucking of
rock from ledges on the south slopes. You can
see large boulders in the park that were pulled
loose from the side of Mt. Prospect by the force
of the ice.
The Laurentide Ice Sheet incorporated vast
amounts of rock debris into the bottom of the
glacier, carrying it along in the flowing ice. Rock
fragments were pressed against each other
and crushed to smaller sizes under the great
pressure of the ice. In many places the abrasion
by rocks and sand being dragged across
the bedrock resulted in smoothing of ledge
surfaces. Scratches called glacial striations were
engraved on the bedrock by this“sandpapering”
action, and we can measure their orientation
with a compass to help determine the direction
of ice flow.
Glacial striations on exposed ledges often have
been obscured by weathering, but there are a
few places in the park where we can still see
them. The most easily accessible site is just a
few feet down the North Overlook Trail, which
starts behind the Summit Lodge near the
top of Mt. Prospect (Figures 9 and 10). At this
locality the clearest striations are seen near the
downhill edge of an exposure of gray bedrock,
next to the trail. They trend toward 133°
(southeast), so we infer that the glacier flowed
in that direction.
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Figure 9. Upper part of North Overlook Trail,
showing location of glacial striations. The
striations are most clearly visible on the lower
side of the ledge seen here. The inset (Figure
10) close-up shows that the pen is oriented
parallel to striations and points in direction of
former ice flow.
The other striation locality is located on the Old
Carriage Road trail (Figures 11 and 12). Here
the striations occur on the glacially smoothed
surface of the Albee Formation. They are

Figure 11. View looking up the Old Carriage
Road trail. Glacial striations are best seen
in area marked by red pencil. In the inset
(Figure 12) close-up the pencil is oriented
parallel to striations and points in direction
of former ice flow.

most easily seen when the rock surface is wet.
These striations trend toward 146° - a little
more southerly than at the other site but still
southeastward.
The view from the top
Climbing the tower stairs on Mt. Prospect will
reward you with a nice view looking up the

of those ice-dammed glacial lakes. It is called
glacial Lake Israel, and it drained first eastward
into the Androscoggin valley near Gorham
and then southward through Cherry Pond
to the John’s River valley in Whitefield. The
latter stage of the lake (known as the Baileys
Stage) is shown in Figure 14. Looking in the

Figure 13. View looking southeast up the Israel
River Valley. Mt. Starr King is seen in upper left,
and the Presidential Range in the far distance.
Israel River valley to the Presidential Range in
the far distance (Figure 13). From this vantage
point, a little background information helps
us to imagine conditions in the Lancaster area
during the retreat of the Laurentide Ice Sheet.

Figure 14. Maximum extent of Baileys Stage of
glacial Lake Israel (large blue area) when glacier
margin stood at purple line (top). During this
stage the lake drained west through Cherry
Pond area. From Eusden and others, 2013.

The Israel River is one of the Connecticut River
tributaries that drains in directions between
north and west. The valleys of these tributaries
were temporarily blocked by the ice sheet as
its margin retreated toward Quebec during the
waning of the last ice age. Normal river drainage
was blocked by the ice dam, so the valleys were
occupied by lakes that drained through the
lowest available outlets into neighboring river
basins.

other direction, toward what is now Lancaster
village, you would have seen glacial Lake Coos
which occupied a long stretch of the upper
Connecticut River valley. However, Lake Coos
was not dammed by ice; it formed behind a
temporary dam of glacial till that blocked the
Connecticut valley west of Littleton.

If you had been on Mt. Prospect about 14,000
years ago, there was a time when you could
have looked up the Israel valley and seen one

Sand, gravel, and mud washed into Lake Israel
from the melting glacial ice. These sediments
are most abundant in the upper part of the
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at Riverton (east of the park), causing a shallow
lake remnant to persist in Jefferson until the
sediment barrier was breached by erosion.
The Israel valley was occupied by Native
Americans soon after the Laurentide Ice Sheet
melted away. Archaeologists have discovered
many Paleoindian artifacts and habitation sites
on the north side of the valley in Jefferson.
These first settlers are thought to have hunted
large animals such as caribou that traveled the
Israel valley connecting the Connecticut and
Androscoggin River valleys.

Figure 15. Gravel pit exposure showing
sediments that washed into glacial Lake Israel
in Jefferson. Swift meltwater currents, probably
near the mouth of an ice tunnel, deposited
the pebbly sand in bottom part of section.
Water flowed from left to right (southeast).
As currents slackened, sand was laid down in
center, followed by silt at the top.
valley, in Jefferson and Randolph (Figure 15).
Several gravel pits have been worked in these
old lake deposits.
Disappearance of the ice sheet
Eventually the glacier margin receded to the
Connecticut valley at Lancaster. At this time
the ice no longer blocked the lower end of the
Israel valley, so most of Lake Israel emptied into
Lake Coos. However it is suspected that a plug
of till blocked the narrow part of the Israel valley
Page 10

Even though the glacier was gone when the
first people arrived here, around 12,500 years
ago, the White Mountains were in the grip
of a cold climate event that interrupted the
overall warming trend. This cold spell affected
the entire North Atlantic region for over 1,000
years. As you look up the valley, imagine an
arctic tundra environment and those hardy
inhabitants scanning the barren landscape for
the approach of big game!
You can get further information on the
bedrock and glacial geology of the White
Mountains in this book:
Eusden, J.D., Thompson, W.B., Fowler, B.K.,
Davis, P.T., Bothner, W.A., Boisvert, W.A.,
and Creasy, J.W., 2013, The Geology of New
Hampshire’s White Mountains:
Durand Press, Lyme, NH, 184 p.

Glossary of Selected Terms
Acadian Orogeny A middle Paleozoic tectonic event, especially in the northern Appalachians, named for Acadia, the
old French name for the Canadian Maritime Provinces. The climax of the orogeny can be dated stratigraphically as early
in the Late Devonian, but deformational, plutonic, and metamorphic events occurred over a more extended period.
The Acadian is a consequence of convergent-margin tectonism and collision of exotic terranes with the eastern margin
of North America. For example, the Avalon platform probably docked with Laurentia during the Acadian.
Amphibole Typically dark colored, rock-forming, iron and magnesium rich mineral that is characteristically a needleshaped prisms that cleave at angles of ~60/120° and occur in igneous rocks of intermediate composition (diorite,
tonalite, granodiorite) and in metamorphic rocks of basaltic compositions. Hornblende and tremolite-actinolite are the
more common varieties.
Amphibolite A green to dark gray metamorphic rock composed mostly of the mineral amphibole and that was
formerly a basaltic rock.
Basalt A general term for dark-colored igneous rocks, commonly extrusive but locally intrusive (e.g. as dikes),
composed chiefly of plagioclase feldspar and pyroxene; the fine-grained equivalent of an intrusive gabbro.
Dike A tabular igneous intrusion that cuts across the bedding or foliation of the surrounding rock. Also spelled dyke.
Extrusive igneous rock An igneous rock (see below) that froze at the Earth’s surface (e.g. a volcanic rock)
Fault A discrete surface or zone of discrete surfaces separating two rock masses across which one mass slid past
the other.
Feldspar A group of abundant rock-forming minerals that constitute 60% of the Earth’s crust. They occur
as components of all kinds of rocks (crystalline schists, migmatites, gneisses, granites, most magmatic rocks).
Feldspars are usually white or nearly white and sometimes pink. Plagioclase (Ca, Na) and alkali (K, Na) feldspars
(orthoclase or microcline varieties) comprise the two major feldspar types.
Foliation A planar fabric in a metamorphic rock where plate-like micas align perpendicular to the compressional
stress applied.
Gabbro A general term for dark-colored igneous rocks, always intrusive (e.g. as plutons), composed chiefly of
plagioclase feldspar and pyroxene; the coarse-grained equivalent of an extrusive basalt.
Gneiss A foliated rock formed by regional metamorphism, in which lighter bands of granular minerals (quartz
and feldspar) alternate with darker bands in which micas (biotite and muscovite) predominate.
Granite A plutonic rock in which quartz constitutes 10 to 50 percent of the felsic components and in which the
alkali feldspar/total feldspar ratio is generally restricted to the range of 65 to 90 percent.
Granodiorite A gray plutonic rock with a composition between diorite and granite, typically containing quartz,
two feldspars, and variable ferromagnesian minerals, most commonly biotite.
Igneous Said of a rock or mineral that solidified from molten or partly molten material, i.e. from a magma; also,
applied to processes leading to, related to, or resulting from the formation of such rocks. Igneous rocks constitute one
of the three main classes into which rocks are divided, the others being metamorphic and sedimentary.
Intrusive igneous rock An igneous rock (see above) that froze under the Earth.
Magma Molten or partially molten rock material, generated within the Earth and capable of intrusion and extrusion,
from which igneous rocks are derived through solidification and related processes.
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Magnetite A iron oxide mineral having composition of Fe3O4 and characterized by having a strong magnetic
property. It is both a source of iron, but equally importantly is the prime basis for paleomagnetic study.
Metamorphic rock A type of rock that has been changed by extreme heat and pressure. Its name is from ‘morph’
(meaning form), and ‘meta‘ (meaning change). The original rock gets heated (temperatures greater than 150 to 200 °C)
and pressured (1500 bars). This causes profound physical and/or chemical change.
Metamorphism The mineralogical, chemical, and structural adjustment of solid rocks to physical and chemical
conditions that have generally been imposed at depth, below the surface zones of weathering and cementation, and
differ from the conditions under which the rocks in question originated.
Olivine A mineral that is typically found in mafic and ultramafic igneous rocks such as basalt, gabbro, dunite, diabase,
and peridotite. They are usually green in color and have compositions that typically range between Mg2SiO4 and Fe2SiO4.
Pangea A supercontinent that existed from about 300 to about 200 million years ago and included most of the
continental crust of the Earth, from which the present continents were derived by fragmentation and continental
drift.
Pluton A deep-seated igneous intrusion.
Pyroxene Any of a large class of rock-forming silicate minerals, generally containing calcium, magnesium, and iron
and typically occurring as prismatic crystals.
Quartz	  It is, next to feldspar, the commonest mineral and most important rock-forming mineral, occurring as irregular
grains or crystalline masses, and less commonly as transparent hexagonal crystals. Usually white to gray or nearly black,
but can occur in many other colors. Quartz has a widespread distribution in igneous (esp. granitic), metamorphic, and
sedimentary rocks.
Quartzite A metamorphic rock composed of quartz grains produced by recrystallization of a sandstone. Similar to a
granofels.
Radiometric dating A method of dating geological or archeological specimens by determining the relative
proportions of particular radioactive isotopes present in a sample.
Sedimentary rock A rock resulting from the consolidation of loose sediment that has accumulated in layers; e.g.
a clastic rock (such as conglomerate or tillite) consisting of mechanically formed fragments of older rock transported
from its source and deposited in water or from air or ice; or a chemical rock (such as rock salt or gypsum) formed by
precipitation from solution; or an organic rock (such as certain limestones) consisting of the remains or secretions of
plants and animals.
Subduction

The process of one lithospheric plate descending beneath another.

Subduction zone A long, narrow belt along which subduction takes place, e.g. the Peru-Chile Trench or in the
volcanic arc belts of the western Pacific Ocean.
Volcanic island arc A curved chain of volcanoes in the overriding tectonic plate of a subduction zone. Volcanic
arcs form as the result of rising magma formed by the melting of the downgoing plate. They are curved because of the
curvature of the Earth. The Andes mountains form a volcanic arc.
Xenolith A piece of rock within an igneous rock that is not derived from the original magma but has been
introduced from elsewhere, especially the surrounding Country rock. 						
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